We have constructed a two dimensional theory dual to 3D asymptotically flat Supergravity in presence of two supercharges with(out) internal R−symmetry. The duals in both the cases are identified with chiral Wess-Zumino-Witten models. Further gauging the theories, we show that the dual of the one without R−symmetry is invariant under the well known N = 2 SuperBMS 3 introduced in Banerjee et.al. 1609.09210 , while for the one with R−symmetry, the dual is invariant under the most generic, so far unknown, quantum N = 2 SuperBMS 3 symmetry. We have also commented on the phase space description of the duals.
Introduction and Summary
Gravity in three space time dimensions is special, as locally it does not have any dynamical degrees of freedom. Hence, in the absence of a cosmological constant, all solutions are locally isomorphic to Minkowski spacetime η µν . This feature does not make 3D gravity trivial as a large variety of gravitational solutions exists whenever global topological structures are considered. If the global topology consists of non-contractible cycles, the global solution differs from η µν ( [1] and references there in). It is known that 3D gravity solutions with non-trivial topology correspond to stress-energy tensors of a two dimensional theory. These two dimensional theories are usually referred as dual theory. The existence of a dual is more evident in the Chern-Simons formulation of 3D gravity [2, 3] . The dual theory, in general a (chiral) Wess-Zumino-Witten model [4] (that we shall introduce in the next paragraph), is defined on a closed spatial section and is obtained by solving the constraints in the ChernSimons theory [5] [6] [7] . In particular ordinary asymptotically flat 3D gravity can be understood as a ISO(2, 1) Chern-Simons gauge theory with flat boundary condition at null infinity where the Chern-Simons level k is identified with Newton's constant. Here the spatial section is a plane and the choice of boundary conditions is crucial in determining the dual theory.
It is well known that a generic Chern-Simons theory (with a compact gauge group G) in presence of a boundary reduces to a Wess-Zumino-Witten (WZW) model [4] at the boundary. The W ZW model is constructed by adding a non-linear sigma model (of matrix valued field g) in two dimensions Σ with a three-dimensional W ZW term Γ[G] that lives in V , such that Σ is the boundary of V and G is the extension of the element g to V [8] :
where a and κ are two constants. Although the model contains an explicit three dimensional part, its variation is two dimensional. Thus W ZW model describes the dynamics of two dimensional fields g. Such reductions have been mostly performed for asymptotically AdS 3D gravity [9] [10] [11] [12] [13] [14] [15] [16] [17] . Reduction of ISO(2, 1) Chern-Simons to WZW model was first studied in [18] . But we shall follow the route taken in [19] , where the dual WZW model has been constructed for flat ordinary 3D gravity. In this paper other than ISO(2, 1) gauge algebra, the boundary conditions suitable for flat asymptotics at null infinity have been applied for the gauge field. As a result, the dual WZW model, after gauge fixing , shows invariance under infinite dimensional quantum BMS 3 algebra, the asymptotic symmetry of flat 3D gravity.
In this paper we shall use this construction for finding the dual of 3D asymptotically flat Supergravity theories with two supercharges. Similar analysis has been done earlier for minimal supersymmetric extension of gravity in [20] . The two supercharges may rotate among themselves if an internal R−symmetry is present. In our study both the scenarios, absence and presence of the internal R−symmetry, are considered. The resultant dual for both cases corresponds to a richer chiral WZW model at the boundary. We further study the symmetries of these duals. Imposing the constraints coming from appropriate boundary conditions at null infinity, we find that the dual theory is invariant under most generic quantum N = 2 SuperBMS 3 symmetry. In presence of an R symmetry, the N = 2 SuperBMS 3 algebra has three different kinds of central extensions and is so far not reported in the literature. The phase space description can be found by a Hamiltonian reduction of the models and are expected to be a generalised Liouville type theory. This will be reported in details in [21] .
The motivation behind our construction goes as follows : the dual theory for 3D asymptotically flat (super)gravity at null infinity is important to establish its connection with the corresponding AdS 3 results [22] . The presence of internal R− charges gives a wide handle on the system. They are also crucial for the study of flat space holography in three dimensions. Most importantly these dual theories can be treated as a toy model for cosmological scenarios [23] due to the existence of time-dependent cosmological solutions that were found in [24] .
Throughout the paper, we are concerned with 3D gravity. The paper is organised as follows: in section 2 we present the two different kinds of N = 2 SuperPoincaré algebras and their invariant bilinears. We briefly mention the 3D N = 2 Supergravity theory and its asymptotic symmetry in section 3. Section 4 contains essential details about construction of a 2D dual theory of 3D flat gravity. In section 5 we present the dual theory, i.e. N = 2 SuperPoincaré chiral WZW model. Later in sections 6 and 7 we study symmetries of this model. In section 8 we present a new N = 2 SuperBMS 3 algebra and we conclude the paper with an outlook in section 9. The paper is heavy on computations and to maintain a correct flow we have presented only the important steps in the main draft. The details have been presented in six appendices that are referred at the relevant junctions in the draft.
N = SuperPoincaré algebra and Invariant Bilinears
In this paper, we are interested in finding a two dimensional theory dual to N = 2 Supergravity. As we shall see in details in later sections, to reach to our goal, we need to begin with N = 2 SuperPoincaré algebras, i.e. supersymmetric extension of Poincaré algebra with two supercharges. In this section, we shall present two distinct versions of this algebra and the invariant bilinears associated with them. These will be the building blocks of our construction.
Two distinct N = 2 SuperPoincaré algebras
There are two different versions of N = 2 SuperPoincaré algebras known in the literature [22] . First one given as ,
2)
Here J a , P a (a = 0, 1, 2) are the Poincare generators and Q i α are two distinct i = 1, 2 two component α = +1, −1 spinors which play the role of the two fermionic generators of the algebra. The above algebra (2.2) is known as N = (1, 1) SuperPoincaré algebra. The other algebra is richer and it looks as ,
As in the previous case, J a , P a are Poincare generators and Q i α are two fermionic generators and various indices are running over same values. The important difference compared to the last case is that the two fermionic generators transform under a spinor representation of an internal R-symmetry generator T . As it was proved in [22] that the above algebra only makes sense in presence of a central term Z. This is known as N = (2, 0) SuperPoincaré algebra. Our conventions are presented in A. In this paper, we shall work with both these algebras. For the first one (2.2), our results are a trivial extension of [25] , whereas for the second one (2.3), we get new physics , as we shall present in next sections.
Most Generic Non-degenerate Invariant Bilinears
An algebra is physically interesting when one can define a non-degenerate invariant bilinear or the quadratic Casimir for it. In the context of both the N = 2 SuperPoincaré algebras that we have written in the last section, the bilinears exist. Below we present the detailed computation for N = (2, 0) case. For computing the bilinear, we begin with the most general quadratic combination of the generators as,
where a, b, c, d i , e, f, g, h are constants that we need to determine. For it to be a Casimir, it must commute with every generators of the algebra. An explicit computation shows that commutators of C 2 with Q i , J c , P c do not vanish while others are identically zero. Equating the four non vanishing ones to zero we get ,
This shows that the coefficients are fixed up to an overall factor and we fix it 5 by choosing c = 1. This procedure does not put any constraint on the coefficients a and h. Thus their values can be taken to be arbitrary. Writing C 2 in matrix product form, we get,
In this paper, we wish to write down Supergravity theories invariant under N = (2, 0) and N = (1, 1) SuperPoincaré algebra. For that purpose, we need to compute the supertrace elements between various generators. The supertrace elements come from the inverse of the above coefficient matrix. Thus, taking inverse we can write the supertrace matrix as,
and we get the supertrace elements as,
The arbitrariness in coefficients a and h manifests itself in arbitrariness of supertraces in J a , J b and T, T which are related by a = 1 µ , h = 1 µ . One point to notice that, even for either or both of µ =μ = 0, the supertrace matrix is non degenerate and hence will give us a valid theory, as the one considered in [24] 6 On the contrary we can not set the off diagonal elements in the first and last two blocks to zero as that will make the determinant of this matrix vanishing and hence it will be degenerate.
For the N = (1, 1) case, we do not have the last two rows and columns and thus we get ,
We shall use these supertraces in the next section. 6 In [26] , both of µ =μ were considered to be identical, but as it is clear from above analysis they are independent.
3-dimensional N = 2 Supergravity and its asymptotic symmetry
In this section, we shall study some aspects of 3-dimensional supergravity theories invariant under the above two symmetry algebras (2.2) and (2.3). It is well known from earlier studies [2, 3, 27 ] that 3-dimensional asymptotically flat or AdS (super)gravity theories can be formulated as Chern-Simons theories. In general, Chern-Simons theory defined on a three dimensional manifold M and invariant under the action of a compact Lie group G, is given by:
Here the gauge field A is regarded as a Lie-algebra-valued one form, and , represents trace using a non-degenerate invariant bilinear form taking values on the Lie algebra space and acting as a metric and k is level for the theory. Thus in a particular basis {T a } of the Lie-algebra, we can express A = A a µ T a dx µ . The equation of motion is simply given as,
For our purpose, we shall consider the gauge groups to be N = (1, 1) and N = (2, 0) SuperPoincaré groups. The 3-manifold will be a one with a boundary and we shall identify the level k with Newton's constant as k = 1 4G . For N = (1, 1), the basis elements {T a } are J a , P a , Q i α , satisfying algebra (2.2) and for N = (2, 0), the basis elements {T a } are J a , P a , Q i α , T, Z satisfying algebra (2.3). Using the supertrace elements as obtained in the last section we get the corresponding supergravity actions and they are respectively given as ,
and
whereω a = ω a + γe a , for some constant γ andΨ i β is the Majorana conjugate gravitino . It is worth mentioning that standard N = 2 supergravity as discussed in [24] is recovered in µ =μ = γ = 0 limit. The curvature two formR a , Lorentz Chern-Simons three form L a and the covariant derivative of the gravitino appearing in (3.7) are respectively defined as,
Action (3.6) is recovered from action (3.7) when we set the internal symmetry field parameters B, C to zero. This aspect holds true for all computations and final results of the paper. Thus for the rest of the paper, to describe our results, we shall work in details for N = (2, 0) group and the corresponding supergravity action (3.7). For completion, we shall also present only results for N = (1, 1) case in the main draft . Appendix C contains computational details for this case.
N = 2 Super-BMS 3 Algebra
It is well known by now that N = 2 supergravity theories enjoy an infinite dimensional symmetry enhancement at null infinity [24, 28, 29] . The asymptotic symmetry group is a N = 2 SuperBMS 3 group, which is an extension of BMS 3 with supercharges. To get to this symmetry algebra in the Chern-Simons formulation of gravity, we need to find out a proper fall off (at null infinity) condition on the Chern-Simons gauge field. The equation of motion (3.5) implies that locally the solutions of a Chern-Simons field are pure gauge
where G is a local group element. Writing the equation of motions in terms of the field parameters of (3.7), we get
Where the first two equations were written after contracting the original equations with a Γ a and e = 1 2 e a Γ a . The solution to these equations can be found with a bit of algebra. Theω and B equations easily solve as,
Coming to the spinor equations, as they are coupled, we use Jordan Decomposition method to decouple them. Defining new variables as
we get the new equations to be: 12) whose solutions are given as,
Thus the R−symmetry parameter field acts like a phase to the fermions. Using above results the rest of the equations of motion can be solved to give,
Notice that in both of the above expressions of C and e, the phase factors cancel among themselves. Here Λ is an arbitrary SL(2, R) group element of unit determinant. B, C are SL(2, R) scalars, η i , i = 1, 2 are Grassmann-valued SL(2, R) spinors and b is a traceless 2 × 2 matrix. All these are local functions of three space time coordinates u, φ, r. Since we are dealing with a gauge theory, we choose a (radial) gauge condition ∂ φ A r = 0. This implies that group element must split as G(u, φ, r) = g(u, φ)h(u, r) and thus the gauge field must have following form,
We further consider that asymptotically h = e −rP 0 and henceḣ(u, r) = ∂h(u,r) ∂u = 0 at the boundary. The advantage of this gauge choice is that the dependence in the radial coordinate is completely absorbed by the group element h. Thus the boundary can be assumed to be unique and located at any arbitrary fixed value of r = r 0 , in particular to infinity. Hence, the boundary describes a two-dimensional timelike surface with the topology of a cylinder . Implementing the radial gauge condition, the above solutions of various field parameters can be further decomposed as 7 ,
At the boundary, these are neither functions of r nor of u and must not have any dynamics. Here we see that, even onshell, the system contains arbitrary local functions λ, F, a, c, d 1 , d 2 of time u (and φ). This is a common feature of a gauge theory (like for example Chern-Simons theory) that the boundary conditions and equations of motion do not uniquely fix the time (u) evolution of all dynamical variable. Rather a general solution of equations of motion contains arbitrary functions of time as residual degrees of freedom of the gauge system. We are looking for the theory that determines the dynamics of these residual degrees λ, F, a, c,
Finally for N = 2 supergravity, as proposed in [24] , the asymptotic fall of condition on the r−independent part of the gauge field gauge field looks like
7 the decomposition can be obtained as, (u, r) . Similarly, for the fermionic fields, demanding ∂ φ G 1 r = 0 we find:
Similarly we can find for other fields.
where various fields P, J , Z, τ, ψ i are functions of u, φ only. These are the residual degree of freedoms and will be in correspondence to λ, F, a, c, d 1 , d 2 as introduced above in (3.16). A technical point to note is , although 3D spacetimes can have a non trivial boundary we will not consider the holonomy terms in the following. Consequently the resulting action principle at the boundary only captures the asymptotic symmetries of the original gravitational theory.
Computing the conserved charges [30] , it can be shown that the asymptotic symmetry of this system is given as,
This is the quantum symmetry algebra of [24] presented in a diagonal basis for fermionic generators.
The Boundary Theory
We are interested in constructing the two dimensional field theory that governs the dynamics of the 3D residual gauge degrees of freedom. We shall regard this as the dual theory to 3D asymptotically flat N = 2 supergravity and in this section, we shall briefly sketch this construction. Since we are interested in supergravity theories on a 3D manifold with a boundary, we need to add suitable boundary terms to the supergravity action to ensure validity of variational principle. An alternate way to look at the scenario comes from the Chern-Simons formulation of gravity. Presence of a boundary implies a non trivial fall-off conditions on the gauge fields as given in (3.17) . Hence a boundary term is required to add to the action in order to make solutions with the prescribed asymptotic to be a true extrema of the action under the variational principle. For this purpose, we split the constraints coming from the boundary gauge field into two parts : (a) constraints that relate the u and φ components of the gauge field and (b) constraints that various fields of the u component of the gauge field have to satisfy. It has been shown long back (in the context of asymptotically AdS theories) in [5] [6] [7] that pure Chern-Simons theory on a manifold with a boundary is equivalent to a 2-dimensional chiral Wess-Zumino-Witten theory living on that boundary under conditions analogous to (a). In general, decomposing the gauge field A(u, φ, r) in time and space components as A = duA u +Ã, the Hamiltonian form of the Chern-Simons action (3.4) can be written as 8 ,
upto total derivatives 9 . Since the fields and their derivatives do not go to zero at the boundary, for a well defined variational principle to work, we need to add − k 2π dud A u , δÃ to the Hamiltonian action. Thus the complete 2D dual theory that contains all dynamical d.o.fs of 3D gravity is governed by
Furthermore expressingÃ = G −1d G for some group element G(u, r, φ), the above action can be written as,
where Γ[G] is the three dimensional Wess-Zumino term introduced in (1.1).
The above action has an explicit 2D part and a 3D part Γ(G). But the variation of this action purely lives in 2 dimensions spanned by u, φ. The action (4.26) reduces to the so called chiral Wess-Zumino-Witten model that is dual to a 3D Chern-Simons theory with a boundary. In the subsequent sections, we shall construct such a Wess-Zumino-Witten model and study its symmetry properties. As we shall see, after incorporating the radial gauge fixing conditions, the dynamics will only depend on two dimensional fields.
N = 2 SuperPoincaré Wess-Zumino-Witten model
In this section, we shall write down the two dimensional Wess-Zumino-Witten (WZW) model dual to N = (2, 0) supergravity defined at null infinity r → ∞ hypersurface of the bulk 3D spacetime. Following the prescription outlined in the last section, we first write down (a) type of constraints on the asymptotic gauge field (3.17), relating its u and φ components as ,
The u component of the gauge field (3.17) is further constrained and we shall come back to this point later. Under these constraints (5.27) the surface term at the boundary looks like: 28) where the φ− total derivative has been set to zero. Using the field parameters as defined in (3.7) and the supertrace elements the total action (4.26) can be expressed as:
As has been discussed in section 3, in an onshell gauge systems, there are left over residual degrees of freedom. To get the theory (action) that describes the dynamics of these degrees of freedom, we first evaluate the above action on the solutions of equations of motions obtained in section 3 as:
Let us briefly mention the origin of various terms appearing in (5.30). The terms in (5.29) proportional to µ,μ directly reduces to their counterpart in (5.30) onshell whereas the term 3Bψ α i ψ β j C αβ ǫ ij gives rise to a 2D piece which added with the three other boundary pieces
In a similar way, the bulk terms 3ǫ abc e a ω b ω c onshell gives a 2D piece which clubbed with boundary terms e a φ ω au +ω a φ e au gives −4ΛΛ −1 (
just vanishes onshell up to total derivatives. The terms proportional to I in (5.30) actually give zero contributions.
Further using the gauge decomposed forms of the solutions as in (3.16) and neglecting total derivatives in u, φ, the above action rightly simplifies to, 32) where various fields are defined in the appendix C.
To further analyse the dynamics of the above two dimensional theory (5.31), let us first write down the equations of motion of various fields. They are given as,
where we have definedα
. The above equations are simplified versions of original equations of motion, where for simplifying one equation we have iteratively used other ones. For example, in the last equation the µ term drops off with a careful calculation and use of the first equation 11 . Similarly,we have used the c eom in deriving the final eom of a. This eliminates theμ dependent piece . Thus we see that the final forms of eom do not contain any of the unfixed supertrace elements µ orμ. Hence the solutions of these fields will also be independent of these parameters. The generic solutions of these equations further decompose into individual functions of u and φ and are given as,
2 (φ)) (5.42) 10 In particular the variation of the last 3D term is given as
There are two typos in equation (24) and (25) of [20] related to the µ dependent term. The contribution to the eom from µ term is (λ
As it turns out, this chiral WZW model is invariant under rich symmetries. In the next subsection, we shall study these symmetries and their consequences.
Symmetries of The Chiral WZW Model

Global Symmetry
The Chiral WZW model (5.30) that we derived in the last section in invariant under a set of global symmetries. Various fields enjoy a coordinate u, φ dependent transformation under these symmetries and they are given as,
In each of the above expressions, the fields that are not written remain unchanged under that corresponding symmetry transformation. Thus, we find that there are six finite symmetry transformations, generated by scalar parameters A(φ), C(φ), matrix valued parameters θ(φ), N (φ) and spinor parameters D 1 (φ), D 2 (φ).
One possible way to get to these symmetry transformations is to look for the symmetries of the solutions given in (5.39) 12 . We have presented relevant details of the computations in appendix D. Once we obtain these transformations, they can be proved to be symmetries of the action as well.
Next we look for the Noether currents corresponding to the above symmetries. For this purpose, we need the infinitesimal versions of the above symmetry transformations that are as follows,
(6.48) 12 We are thankful to Prof. Glenn Barnich for clarifying this point to us. 
, the Noether current associated to a global symmetry generated by parameter ǫ is given as,
The current is conserved i.e. ∂ µ J µ ǫ = 0 onshell. From this definition there is a clear ambiguity in the identification of current, as
where S
[µν] ǫ is any antisymmetric tensor in its indices and T µ ǫ is a possible vector that is onshell divergenceless. Both the currents will generate the same symmetry for the system. Below we present the currents corresponding to above symmetries (6.45),
where N (φ) and Θ(φ) are infinitesimal SL(2, R) matrices which can be further expanded in the basis of Γ matrices as N (φ) = , T µ ǫ for certain transformations, as we want the current to be non zero only along the time u component. This way we directly get the canonical generators of the corresponding transformation. From these currents, one can find the corresponding current algebra using the usual procedure [30] . Alternate way to get to the same algebra is, in Hamiltonian formalism, the computation of the Dirac bracket algebra of the canonical generators of the symmetries using the relation below,
The Dirac brackets calculated are given below:
here we have used
. This is the same affine extended N = (2, 0) SuperPoincaré algebra after a change of basis for the fermionic generators as,
In this new basis the fermionic Dirac Brackets take the form:
The above modified Dirac brackets along with bosonic ones in (6.53) reproduce the exact affine extended N = (2, 0) SuperPoincaré algebra that we started with in (2.3). Thus, we see that the global symmetry of the chiral WZW theory is exactly same that of the dual 3D Supergravity. Similarly for N = (1, 1) case we get following affine extension,
The explicit derivation of various canonical generators for N = (1, 1) case has been provided in appendix C.
Gauge Symmetry
Other than the above global symmetry, the chairal WZW model (5.30) is also invariant under a gauge symmetry. The gauge transformations of various fields can be obtained from the Polyakov-Wiegmann identities and for an arbitrary gauge transformation parameter Σ(u), the transformations are given as follows :
while a(u), c(u) remains invariant. This makes the dynamics of this system constrained and we need to take into account its implications in defining the conserved charges of the theory. We shall come back to this issue in the next section.
Enhanced Symmetries of N = 2 SuperPoincaré Wess-Zumino-
Witten theory
In order to get an infinite dimensional extension of the above current algebra usual conformal field theory techniques of [31] can be used. We implement the usual Sugawara construction to get the stress-tensor. In this case, we are looking for four bosonic generators and two fermionic generators. These can be achieved by defining the followings:
along with Q A and Q C defined in the last section. Here H, J are both weight two bosonic generators and J corresponds to the stress-tensor. Q A , Q C are two weight one bosonic generators and G 1 , G 2 are two weight 3/2 fermionic generators. The values of the relative coefficients in the bilinear of currents are fixed by demanding that the Dirac brackets of stress mode J with other bosonic generators should be proportional to them i.e. {J(φ), Q(φ ′ )} ∼ Q(φ) for each current mode Q(φ). We refer the readers to appendix E for computational details.
There is a subtle point to note here. The chiral WZW model that we are studying is a gauge theory. Thus, in the usual Hamiltonian formulation, we must study it as a constrained system. We refer the reader to [32] for a detailed review on constrained systems. The constraints 13 arise from the imposed boundary (asymptotic) value of the radial gauge fixed Chern-Simons field, a = g −1 dg, as given in (3.17) . We have already taken into account part of the constraints (type (a)) for constructing the corresponding WZW model. The remaining constraints(type (b)) on the gauge field parameters arê
These conditions, that need to be imposed only at the boundary, manifest themselves through constraints on the fields of the WZW model (5.31) . This is because, at the boundary we can as well identify the onshell CS gauge field parametersω, ψ 1 , ψ 2 , e of (3.11),(3.13),(3.14) with the WZW fields λ, d 1 , d 2 ,α of (3.16) 14 . Thus the constraints on fields are:
The above constraints can as well be expressed in terms of the canonical generators of (6.52)as,
Let us denote the above constraints as {Φ l }, l = 1, · · · 6 respectively as presented above. They collectively define the constrained hypersurface. It can be easily verified that, four out of these six constraints, denoted as
have a vanishing
Dirac brackets with all of {Φ l } on the constrained hypersurface 15 . Thus {γ p } are the firstclass constraints and they generate the gauge symmetry that we presented in subsection 6.2. It is a well known fact [32] that in a constrained system, one needs to usually modify the canonical generators (conserved charges) such that they commute with the first class constraints on the constraint hypersurface (defined by first class ones) as otherwise they are not gauge invariant (and hence are not physical observable). The charges defined in(7.55) fail to satisfy this property, as we have shown in appendix E. Thus we need to further modify them using (6.51), such that the resultant charges are true observables of the theory. The required minimal shifts in generators that achieve the above requirements are given by:
Finally we compute the Dirac brackets of these new gauge invariant canonical generators and they are given as 16 ,
The above Dirac brackets are expected to be the ones of the physical observables H, J ,Ĝ i , Q A , Q C of the reduced two dimensional Super Liouville theory that is dynamically equivalent to the 3D Supergravity. We shall report on the details structure of the Liouville theory in a separate work [21] .
Let us also present the enhanced symmetry for the N = (1, 1) case here :
Here the physical observables H, J ,G i of the reduced two dimensional Super Liouville theory is dynamically equivalent to a 3D Supergravity with two supercharges but without any internal R-symmetry.
16 look at appendix F
A new N = 2 SuperBMS 3 algebra
Finally we write the quantum algebra that corresponds to the above Dirac brackets (7.58) and (7.57). For this purpose, we define The modes of the above fields as.
We further use the identification for bosonic and fermionic commutator brackets respectively as i{,
The non zero brackets of the algebra corresponding to (7.57) looks as,
This is a a new SuperBMS 3 algebra, so far not identified in the literature. Here the central term for [J n , J m ] and [R n , R m ] are independent of each other. The closest one that was formulated in [26, 29] has both these central terms identical and the other one obtained in [24] has zero central extension for both commutators. We see that the 2D dual theory constructed in (5.31) has a richer quantum symmetry.
A similar analysis form (7.58) reproduces the N = 2 SuperBMS 3 algebra that was introduced in [33] .
Outlook
In this paper, we have found the most generic field theory dual to 3-dimensional asymptotically flat N = 2 Supergravity. We have constructed the duals for both N = (1, 1) and N = (2, 0) cases. The physical observables dual to 3D graviton (and other supergravity fields) belong to a super Liouville like theory. We found that for N = (2, 0) case the dual theory enjoys an infinite dimensional most generic N = 2 quantum SuperBMS 3 symmetry that so far was not known. The symmetry is a truncated version of N = 4 quantum SuperBMS 3 that we developed in [33] . The most interesting feature we noticed in [33] is that, in presence of R−symmetry, independent central extensions are possible for [J n , J m ] and [R n , R m ] commutators. This is supported by Jacobi identity and the free field realisation of the algebra. Here we find that the same noble feature is true even for N = 2 SuperBMS 3 algebra.
The phase space dynamics of the reduced WZW model is governed by a generalised Liouville theory. We shall report in details on the dual Liouville like theory in a future work. More over it would be interesting to see how this theory can provide a microscopic understanding of the cosmological solutions found in [24] .
Three dimensional gravity does not have a propagating graviton. Thus all its non trivial dynamics are only governed by the boundary degrees of freedom. Our theory (and [19, 20] for simpler cases) is the one that describes this dynamics. It would be nice to see how one can use these theories to answer interesting physics of 3D gravity.
Earlier in [33, 34] a free field realisation of SuperBMS 3 algebras was presented. It would be interesting to see how the theory constructed in this paper are related to those. Another technically challenging problem would be to extend the above analysis for N = 4 [35, 36] and N = 8 [37, 38] Supergravity theories. With that, we shall have a complete zoo of all 2D duals of all possible 3D Supergravities.
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A Conventions and Identities
In this paper, we have mostly followed the conventions of [20] . The tangent space metric η ab , a = 0, 1, 2 is flat and off-diagonal, given as
The space time coordinates are u, φ, r with positive orientation in the bulk being dudφdr. Accordingly the Levi-Civita symbol is chosen such that ǫ 012 = 1. The three dimensional Dirac matrices satisfy usual commutation relation {Γ a , Γ b } = 2η ab .
They also satisfy following useful identities:
The explicit form of the Dirac matrices are chosen as,
It follows from the above properties of Gamma matrices that if
where the traces are over SL(2, R) indices. All spinors in this work are Majorana and our convention for the majorana conjugate of the fermions are different from [20] and is given as,
Here i = 1, 2 is the internal index and C αβ is the charge conjugation matrix that satisfies
For any traceless 2 × 2 matrix A, it can be shown that
For computing the gauged action the three dimensional Fierz relation is useful and is given as ζη = − 1 2η
Other useful identities are:
where ψ, η are Grassmannian one-forms, while ǫ is a Grassmann parameter.
B Hamiltonian form of the CS action
In this appendix, we shall present the details of the Hamiltonian action and the boundary term corresponding to a Chern-Simons theory on a 3 manifold with boundary. We decompose the gauge field A(u, φ, r) as A = duA u +Ã. Thus we give a preference to the time like u direction and other two directions are treated together. The reasoning behind this decomposition is: in variational principle, in general we can not through out the variations of derivatives of gauge fields along the spacelike directions. Next we can decompose the field strength. Using A = du A u +Ã and d = du ∂ u +d, we get
where we have usedd
using cyclic invariance of trace in the last step. Also we have, (
Now collecting all the terms and putting in the CS action (3.4) we get,
Finally we present construction of the boundary term. Variation of the above Hamiltonian form of the Chern-Simons action (B.64)s is given by
Substituting all these expressions in (B.65), we get
The colored terms can be manipulated to write them as a total derivative plus another term. The total derivative terms from all the blue terms can be integrated out to give zero at the boundary (as the variation of fields are zero at the boundary). The red colored term gives a non-zero term at the boundary r = r 0 (marked green in the following expression). All other terms combine to give the following variation of the action:
The boundary term can be rewritten in form notation as − k 2π dud A u , δÃ as, In this appendix, we shall briefly present an independent computation for the N = (1, 1) case. This is a simpler version of N = (2, 0) case as we do not have any internal symmetry generators T, Z. But in calculations, the exact behaviour of fields (their overall signs) differ from the N = (2, 0) case and also the basis of fermionic generators are different. Thus although the final result is mere a truncation of the N = (2, 0) one. The action is given in (3.6). We begin with eoms as, Equations of motion:
Solutions to equations of motion:
Asymptotic form of the r-independent part of the gauge field in radial gauge:
Functional form of the solutions in radial gauge:
Constraints on the asymptotic gauge field components:
Surface term at the boundary:
Action in terms of gauge field components:
Action on the solutions of equations of motion:
(C.80) Action after using gauge decomposed forms of the solutions:
Equations of motion:
Generic solutions of the equations of motion:
Symmetries of the solutions:
Infinitesimal version of the symmetries:
Currents corresponding to the above symmetries:
where σ and θ being SL(2, R) matrices are expanded in the basis of Γ matrices.
Dirac brackets:
Bilinears for Sugawara construction:
(C.104) Remaining constraints on the gauge field:
Constraints on the fields:
In terms of components of currents,
Poisson brackets:
D Currents corresponding to Global symmetries of WZW theory
Here we present a procedure to get the φ dependent symmetries of the solutions with one example. Let us look at the solution of λ:
Multiplying the solution by an arbitrary φ dependent SL(2, C) field θ −1 from right is still a symmetry of the solution. In this new solution κ is modified as κθ. Since κ appears in the solution of F , that solution also needs to be transformed accordingly. The κ dependent term in F is ∼ −uτ κ ′ κ −1 τ −1 . This for κ → κθ this piece transforms as −uτ
analysis for all possible symmetries of the solutions yields the transformations presented in the first equation of section 6.1. One can then easily derive the infinitesimal versions presented in (6.45).Below we present some details of the current computations.
Noether current associated to a global symmetry generated by parameter ǫ is given as,
Another useful way to get the current is to use
We shall write the current such that it only has non-zero component in the u−direction. , we get
Finally for J 
Here the fermion terms are traced among themselves. To get the final current in u−direction, we need to add
taking these improvement terms into account we finally get J µ A as given in (6.52). Finally for Θ transformation, using (D.115) we get
. Adding the required improvements terms are
we finally get the expression for J µ Θ as given in (6.52).
E Some important Dirac Brackets
In this appendix, we provide the nontrivial Dirac brackets between various currents and current bilinears that are required for the results presented in the draft.
The non-trivial Dirac brackets of Sugawara modes with currents are given by:
With above equations we can try to calculate the PBs between different modes of stress tensor. For example:
The Dirac Brackets of the above modes among themselves are given by: {H(φ), H(φ ′ )} = 0 (E.128)
{H(φ), P (φ ′ )} = (H(φ) + H(φ ′ ))∂ φ δ(φ − φ ′ ) (E.129)
{P (φ), P (φ ′ )} = (P (φ) + P (φ ′ ))∂ φ δ(φ − φ ′ ) (E.130)
The modes of Stress tensor as defined by above Sugawara construction do not commute with the First class constraints. In fact,
F An example of Super BMS 3 current commutation
In this appendix we shall present how the shifted fermionic currentsĜ 1 (φ),Ĝ 2 (φ ′ ) closes to right SuperBMS 3 structure under anti-commutation. With these shifts the Dirac bracket becomes:
Now we can look at the RHS term by term. The first DB gives:
Using the fact that we are on the constrained surface defined by (7.56), we see that the first term above is 0 since Q P 2 (φ) = 0 on the surface. The last two terms combine to give:
Where we also needed to use Q P 2 (φ)∂ φ δ(φ − φ ′ ) = −∂ φ Q P 2 (φ)δ(φ − φ ′ ) on the constrained surface.
Similarly the last rest of the terms of the first DB combine to give:
Thus we finally get:
Similar computations can be performed with other shifted currents to get the final Dirac brackets.
